Abstract -The goal of the Personal Social Assistant (PSA) is to help those people who just cannot handle a mobile phone, a GPS, etc. The PSA is a novel multimodal assistive interface for smartphones, i.e., a customizable, scalable layer above the standard software that is already available on these devices. Hence, not only the interface is made more usable, but also new accessible technologies are included in the PSA to simplify certain daily living tasks. Some examples of our helpful technological innovations are photo-based GPS, scalable interfaces and an externally accessible content management system that uses SMS push technology. By using the PSA, everyone can get access to ICT. For elderly and people with cognitive, visual and/or motor disabilities the PSA can be the key to integration into society.
I. INTRODUCTION
HE aging of society is emerging as a global problem and the number of people with handicaps and disabilities is increasing. Nearly 15% of the current population have some form of disability and the percentage of elderly citizens in the population is increasing rapidly. The World population prospects presented in the 2006 Revision of the United Nations states that in developed countries 20% of today's population is 60 years or older, and by 2050 that proportion is projected to be approximately 30% [1] . Because of this, there is a growing recognition of the need to integrate older people and people with disabilities into society by enabling them to remain independent for as long as possible.
Information and Communication Technologies (ICT) play an important part in the integration process of people with special needs. The growing usage of ICT in everyday life, by means of devices such as mobile phones, smartphones and GPS, has changed society. Being able to use these devices is the key to integration [2] . This is no easy matter for people with certain disabilities. For many of them, access to the benefits of mobile technology is limited because most of this technology is designed for the younger generation, who can easily handle complicated electronic devices. Elderly and disabled people encounter difficulties in using those devices: they cannot operate the controls, cannot obtain information from the device or do not understand how to operate it. Even average users are becoming increasingly confused by the majority of ICT services as these become more and more complicated to use [3] [4] [5] [6] .
Over the last decennia, many mobile alternatives have been suggested on how people with special needs can take advantage of the opportunities of ICT-based services. However, many of these solutions only focuses on usability and does not meet success since the products display too much the idea of disability [ Fig. 1 ]. Research has shown that the image and values conveyed by the products, in order to make them acceptable, are as much important as the usability. The disabled user does not want to stand out. He wishes to use the same device as those that are commonly in use today [7] [8] [9] [10] .
FIG.1: MOBILE DEVICES FOR PEOPLE WITH SPECIAL NEEDS
The Personal Social Assistant (PSA) described in this paper is a working proof of concept that shows that elderly people and cognitive, visual, and, motor impaired persons can also make use of contemporary mobile devices if the interface is brought to their level. The PSA makes existing devices more accessible without modifications to internal hardware or software. The proposed work is based on a new user interface strategy that makes it easier for people to interact with smartphones and other types of mobile technology. It is a great example of how ICT can be used by people who, at this moment, cannot use it at all. Everyone should have access to ICT and the major goal of the PSA is to bring it right to them. The remainder of this paper is organized as follows. Section 2 focuses on the social impact of the PSA. Both the benefit for the user and the benefit for the community is handled. Subsequently, Section 3 summarizes the PSA design process. Section 4 describes in detail the technological innovations that form the basis for the PSA. Implementation details, and, evaluation criteria and methods are presented in Section 5. The interactive test game, which is our main evaluation method, is highlighted at the end of this Section. Finally, Section 6 concludes this paper and points out directions for future work.
II. SOCIAL IMPACT
The PSA gives our target group the opportunity to live more independent. The more they can do by themselves, the better they will feel and enjoy it. By using the PSA their social integration will increase and they will be more able to reach their goals on their own. Some examples of services that are available on the PSA which could help to increase the users their daily life are the interactive agenda, photo-based GPS, mHealth, and, the social web.
-Interactive agenda: is an externally steerable agenda that is fully equipped with text-to-speech functionality and meaningful icons. Social workers and relatives have the possibility to push new appointments to the PSA by sending a special SMS using the externally accessible content management system (CMS), which is discussed in Section 4. If a user is not able to read the appointment message, the PSA can read it out for him or the user can watch the icons to get a better understanding. In this way users are able to manage their own agenda and an appointment is never missed. Since different levels of interaction can be chosen, when configuring the PSA, each user gets the agenda items presented on his level of understanding. Not only agenda items can be handled in this way. Also to-do lists, alarm clocks, shopping lists, etc. can be supported using the same technology. In this way the PSA becomes a very useful tool in daily life. It will help the users to not forget important things that they have to do at a certain time such as taking their medicines, being on time for an appointment, and going to work.
-Photo-based GPS: is a great technology for people who easily forget places or cannot read a map. This technology prevents them from walking the wrong way. By using a photo as a reference, the user only has to select the desired destination using the picture browser and the navigation starts. The only thing the user has to do is follow the instructions on the GPS [ Fig. 2a] .
By taking a new GPS photo, i.e., a photo and the GPS coordinates of a new place, a new location can be stored on the PSA and is reachable in the future [ Fig. 2b ]. In this way, the user is able to go wherever he wants, whenever he wants. Our SMS/MMS push technology, which is described in Section 4, makes it also possible for others, like social workers, to push new places into the PSA from wherever they are by a simple SMS/MMS message.
FIG.2: PHOTO-BASED GPS
Not only for the target group this is a very useful innovation. Photo-based GPS can be a huge benefit for all of us. For example, companies can place a GPS-photo on their website, making it very easy for their customers to push the company address into the GPS and start their route.
-mHealth: or mobile Health is a recent term for medical and public health practice supported by mobile devices. It is part of a movement towards citizen-centered health service delivery. mHealth applications include the use of mobile devices in collecting health data, delivery of healthcare information to practitioners and patients, realtime monitoring, and, direct provision of care [11] [12] [13] . mHealth is integrated in the PSA under the form of an externally accessible electronic health record (EHR). The EHR on the PSA will be capable to create, store, retrieve, and transmit mHealth data in real time between end users for the purpose of improving patient safety and quality of care. The PSA mHealth not only enhances the continuity of care but also eliminates errors commonly associated with paper-based medical records. In addition to improved patient outcomes, workflow and administrative efficiencies from the use of mobile devices can produce cost savings for community at all.
By combining PSA mHealth with photo-based GPS some extra helpful location-aware features become available, such as contacting the closest doctor and finding the nearest pharmacy. With PSA mHealth the user is equipped to go on the road without having to suffer of his health problems. He always has his medical passport with him and he can contact who he want from wherever he is. The PSA will be his mobile first aid kit.
-Social WEB: is a translation service that translates information available on the web, e.g., news, sports and weather bulletins, into messages that are understandable for our target group. For the moment this translation is done manually, but in the future we will search solutions to automate a part of the work. The Social WEB gives everyone the chance to know what is going on in the world around them.
The latter mentioned innovative mobile services should give the target group a more structured life, grant them a better integration in daily life, and, should be able to make the digital bridge between our target group and the community a bit smaller. They will have the possibility to move easier in the world of evolving technology and use modern technologies which gives them the chance to reach their goal entirely on their own. The fact that they are using the same smartphone like everybody else could also be positive for the image they have in our society. They will use something as hip and cool as normal people do.
The PSA will also benefit society as a whole. When more people, who are now fully dependent on social workers and relatives for their daily organization, can do more by themselves, there comes a lot social-workers-time free that can be used for other people who also need it. The PSA also lightens some administrative work of social workers. For example, by using the interactive agenda with automated appointment reminders the number of phone calls can be reduced a lot, making more time and money available for other tasks.
When the device is used as a method that allows people to stay longer at home, instead of going to specialized institutions who are expensive for community, then the community can also save a lot of money, or spend it on other needs. It is well know that elders who live at home generally feel better and does not need as much doctor visits as their contemporaries in the nursing homes. The PSA should be able to let them stay longer at home when it is used as an interactive to-do list, that wakes them in the morning, tells them to have breakfast, etc.
III. DESIGN PROCESS
The overall goal in designing usable systems is to support specified users in their specified context to reach their particular goals in an effective, efficient and satisfactory way [8] . In the design process of the PSA we always kept this idea in mind. Our mission was to be able to give everyone access to mobile devices and the services related to it.
Two major ways to support universal access are Design for All and Assistive Technology [14] . The philosophy behind Design for All is to ensure that products and services can be used by a wide range of users, to the greatest extent possible, without the need for adaptation or specialized design. The underlying premise of this philosophy is that it should enable rather than exclude different users. Assistive Technology, on the other hand, involves the use of an assistive product to fill the gap between the needs of the user interface of the device and the abilities of the user. Although assistive devices have been going on for a long time, these ad hoc developments never gain a large market share since they are usually expensive and socially discriminating [7, 10] . Because of this and because one of our primary goals was to support the PSA on existing smartphones, we have chosen to follow the Design for All philosophy in our design process. By adopting the Design for All approach we widen access to mobile devices to groups which might otherwise be unable to enjoy their benefits.
In designing the PSA we followed the design process illustrated in [Fig. 3 ]. This design cycle, based on the work of Plos [10] , starts by analyzing the user needs by benchmarking existing products and services for impaired people. The pro and contra of each of these solutions were determined and used as checklist in our design. By usability analysis we further searched the needs of the user. Using a questionnaire we gathered information about the way impaired and elderly people use their mobile phone, what their usability problems are and what type of device and services they prefer. Also human characteristics like knowledge, skills, experience, education, training, physical condition, and motorical/sensory capabilities were taken into account. Altogether, the data collected were converted into the PSA design specifications. Based on these specifications, the creativity of the project members, and, the evaluation and selection of new concepts, a prototype of the PSA is created. Finally, the prototype is evaluated, using the evaluation methods described in Section 5, and the design process restarts to enhance the prototype. 
IV. TECHNOLOGICAL INNOVATIONS
The purpose of the PSA is to make existing technology, in particular their interfaces, a lot easier so people with certain disabilities can use them too. Our proof of concept starts from existing smartphones. No specific hardware must be created, which minimizes the costs and shortens the time-to-market.
The main part of our research is the creation of a usercentric interface that is accessible and adaptable for everyone. This novel interface uses services in the background that are already available on the device, extended with some specific add-ons, i.e., extensions that are developed to make existing applications more intuitive to use. The technological innovations that will make this all possible are scalable interfaces, SMS/MMS push technology, full text-to-speech, and, icon and photo-based navigation.
-Scalable interfaces: are based on a novel interface design process that is inspired by scalable video coding (SVC), i.e., the extension of the H.264/MPEG-4 AVC video compression standard that uses temporal scalability, spatial scalability, and, quality scalability to adapt the video to the available bitstream and the needs of each specific device it is played on [15] . Analogous scalability levels as in SVC are used in the PSA interface design to make the interface configurable to the needs of the user. Through visual and functional scalability the interface can be adapted to the disabilities of the user.
FIG.4: SCALABLE INTERFACES
Visual scalability is available through zoom-in and zoom-out functionality [ Fig.4 a b] . The zoom function is implemented using a dynamic grid, i.e., an automatically generated raster of placeholders. The grid calculates the space for each placeholder using the window size of the application and the zoom level that is selected in the configuration settings of the PSA. By using a justify function the total available space is filled and the placeholders are aligned correctly. As soon as the location and the dimension of each placeholder is known, they are filled with their scaled content: icons, images, text, etc.
Not only for visual impaired users this visual scalability is very helpful. Also motor impaired persons who do not have total control over their movements will benefit from this innovation.
Functional scalability [ Fig.4 c a] starts from a very low functional base layer. Additional functionality layers can be added if the user is able to use them. For example, the base layer can exists of a simple dial function with only a pre-chosen set of contacts to choose from. A numeric pad can be added as an additional functional layer to call new numbers. Other additional layers are an interactive agenda, SMS, GPS, alarm clocks, etc.
By using functional scalable interfaces the learning process of the device can also be better structured: step by step, layer by layer. So, if in the beginning a user only needs to call with the device he will be able to disable all the other functionalities and will not be disturbed by them. If he wants more functionality, he can ask to activate those additional layers or he can even do it by himself, since the activation procedure is very straightforward.
The PSA also supports content scalability to some extend [ Fig.4 c d] . For example, the base layer of the phone book consists of pictures of the contacts. Additionally the name of the contacts can be presented under the picture or the name can be read using text-tospeech (TTS).
-SMS/MMS push: is probably the most important advance of the PSA. It makes the device externally accessible for all of them who are strongly related with the target group. For example, by use of SMS/MMS push, social workers can add tasks, appointments, new contacts and new photo-based GPS locations into their patients' smartphone. This will make sure they are always up-todate, wherever they are. This way they will not miss meetings, will not forget certain items and will always know what to do next.
Using the externally accessible content management system the SMS/MMS messages can easily be generated and pushed to the PSA [ Fig.5 a b ]. An example of a generated SMS/MMS message is shown in (1) . The generated code always starts with a special prefix, i.e., a tag which specifies the content type. For example @<CO>@ is the prefix code for a new contact. The name/value pairs following the prefix code contains the content that is submitted through the CMS input form.
FIG.5: SMS PUSH
When the PSA receives a new SMS/MMS message it is intercepted using the Windows Mobile Message Interceptor. If the SMS/MMS does not contain a prefix it is considered as a normal SMS/MMS and it is send to the messages inbox. Otherwise, the prefix code of the message is analyzed and the content is sent to the right application [ Fig.5 b] . In this way, the majority of the applications running on the PSA can be externally feeded with data. Optionally, feedback information can be sent back to the sender of the SMS. -Full Text-to-speech: is a text-to-speech (TTS) based add-on that is especially handful for people who have difficulties to read. TTS is a type of speech synthesis application that is used to create a spoken sound version of a text. It converts normal language text into speech. The sound they produce is a computer-generated voice that is as close to human as it can get. The PSA will have the possibility to speak out all the things the user needs to do or needs to know. This allows people with visual impairments or reading disabilities to listen to what is presented on the screen. For example, an agenda item or an SMS can be read by TTS if the user wants this. Full TTS will also help users out when they don't know what to do next or how to reach their goal. Using the question mark symbol, which is visible in each screen, the user can ask the PSA for additional TTS-based help.
-Icon and photo-based navigation: is used where possible since it simplifies a lot the navigation process. For example, finding a contact becomes very easy when using a photo-based contact browser [ Fig.5 b] . Also, browsing icon-based menus is more straightforward for our target group than text-based menus [Fig. 4 ]. As already mentioned in Section 2, even GPS navigation becomes very easy using our photo-based GPS [ Fig. 2 ].
V. EVALUATION

A. Implementation details
To give the user the ability to choose the kind of smartphone he wants to use as a PSA, the PSA solution is made totally device independent. Since the PSA interface can be installed on contemporary smartphones the user is able to have a device that is as hip and trendy as the devices that are in existence today. In this way, the step to use the PSA is strongly reduced.
The only requirement of the current PSA solution is its operating system. The PSA runs on Windows Mobile 5. If necessary, other operating systems will be supported, but for the moment this is out of the scope of our project. The PSA solution is implemented using C# and the .NET compact framework 3.5, which is a lightweight version of the .NET framework, i.e., the framework that is designed to run on Windows CE based mobile/embedded devices such as PDAs, smartphones, set-top boxes, etc. Some additional libraries for telephone control (TAPI), SMS interception, and, TTS are imported to support the technological innovations discussed in Section 4.
B. Evaluation criteria
The topics listed below are subject of our evaluation program and will be tested using the evaluation methods described in subsection C of this Section. Results of these tests are covered in the subsection E.
Usability:
The ease with which people can use the PSA in order to achieve a particular goal. The usability measures also the elegance and clarity with which the interaction with the PSA is designed. Accessibility: The degree to which the PSA is accessible by as many people as possible. It is a measure for the ability to access the functionality, and possible benefit, of the device.
Scalability: The ability of the PSA to adapt the interface level to the disabilities of the user. More info about scalability can be found in Section 4.
Functionality: Measuring the quality of the set of functions supported by the PSA will also be topic of our evaluation program. Text-to-speech, easy scaling, photobased GPS, interactive agenda, etc. will be hardly functional tested in different ways.
User satisfaction: Aims to discover what users think and feel about using the PSA. This kind of evaluation offers a meaningful and objective feedback about users' preferences and expectations.
Time-to-market: By working on existing devices the time to market will already be very low. Other aspects to limit the production and consumption phase will be subject of our research and will be part of the evaluation program.
Look-and-feel: The last topic in our evaluation program is the look-and-feel of the device. In this topic we will measure the experience a person has using the PSA.
C. Evaluation methods
Three different evaluation methods are used to test the PSA for each of the above mentioned evaluation criteria. First of all, a test group of people with cognitive disabilities tests the PSA using an interactive test game [ Fig. 6 ], which is described in the next part of this section. This test is repeated with different configurations of the PSA to retrieve optimal settings. After each test, interviews are taken to evaluate the users experience with the PSA. Secondly, an expert group with members of each party involved in the project evaluates, discusses, and advises the whole development process during the frequently organized project meetings. Finally, in the near future we will evaluate the critical parts of the software by stress testing. This automated tests determine the robustness of the PSA by testing beyond the limits of normal operation.
FIG.6: INTERACTIVE TEST GAME
D. Interactive test game
In order to measure the user experience of the PSA we created an interactive test game. The test is a combination of a seek-and-find game and a quiz that tests the usability of the device. The test user must walk through a park and search the quiz pages. Examples of such quiz pages are presented in [Fig. 6 ]. As soon as the test user finds a quiz page he must try to find the solution for the question and start the action that is linked to the correct answer. In this way, many different functionalities of the PSA can be tested, like dialing a contact, dialing a new number, etc.
The organization of the test games is carried out in cooperation with partners in the field. They provide us a random selection of test users with different disabilities.
E. Results
The PSA project is started since January 2008 and is still in a research status. We are exploring different technologies, possibilities and existing solutions that could improve the development of the PSA. Recently we finished the development of our first prototype to test the topics covered in this paper.
A first interactive test game was organized at the end of 2008. Before starting the game, each of the test users was given a short introduction of approximately five minutes in how to use the PSA. Each of them found the device extremely easy-in-use. Since the PSA is very accessible requires minimal learning they were able to start the game in no time. Also the support persons of our test users, who were also involved in the test, were impressed of the easiness of the device. The configuration of the PSAs, which was also done prior to the test, went well. The visual and functional scalability of the device was mentioned by many as a very nice and helpful feature to adapt the device to the user's needs.
At the end of the game, each of the test users was asked about their findings by 3 evaluators, each of them with a different background related to the project. The user satisfaction of our test persons was very high. Each of them was able to reach most of their goals, i.e., answering the quiz questions by use of the PSA. The only obstacle that was mentioned by our evaluators is that some of the test users encountered problems in dialing a new number. The number display was too small. In the next version of the PSA this problem is fixed.
The positive results of our first test game prove that mobile devices and their services can be made accessible for everyone. As also mentioned in the work of Mellors [16] and Karshmer [17] , fundamental changes in the design of the user interface can open the door to those who wish to take advantage of the opportunities provided by ICT. We can also assume that there will be a larger than expected audience for our smartphone solution, because there will be some benefits in our software that can be also useful for people who are not considered disabled. On basis of the evaluation results of this first test, there will be done more thorough research, (re)development and testing in the near future. A next interactive test game is already planned in spring 2009.
VI. CONCLUSION
While the overwhelming majority of mobile devices are being developed primarily for able-bodied young users there is enormous potential to harness their capabilities for others too. As of yet, however, this potential remains largely untapped, with very few commercially available systems of this type. Many portable and mobile systems are just too difficult to use [6] .
The Personal Social Assistant described in this paper helps to bridge many people their digital divide with the fast developing technological world. The PSA is designed so that people with certain disabilities can use it very easy. Meaningful icon menus, text-to-speech, the scalable interface and the easy-to-use touch screen give the device a great usability and accessibility. The support of other technological innovations such as easy-to-use self-services [9] , mobile social services, and advanced navigation services [18] will be investigated.
By working on the development of a novel interface that sits on top of devices that are commercially available the production costs stay very low and the time-to-market becomes very short. Moreover, because we use everyday technology it is easy for support people to give support and advice on how to use the device. But perhaps the most important advantage of using commercially available devices is that disabled people will not be judged as different when using them. Using the same smartphone like everybody else provides them with a strong feeling of self worth.
Our PSA project is a great example of how ICT can be used by people who, at this moment, can't use it at all. Our work is intended to bring the benefits of the latest mobile technologies within reach of everyone. It provides older and disabled users with technological support that enhances their day-to-day lives. We can assume that the profit that can be made by using the PSA is very high.
